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RESUMO 
Os implantes dentários constituem uma das modalidades terapêuticas de 
maior sucesso na odontologia. Sua estabilidade no momento da instalação tem 
grande influência no sucesso da osseointegração e protocolo de carregamento. A 
estabilidade primária é determinada pela densidade óssea, técnica cirúrgica e 
desenho do implante. O objetivo deste trabalho foi avaliar e comparar a estabilidade 
primária, através do torque de inserção, de 3 tipos de implante com desenhos 
diferentes da marca comercial Neodent® sistema Grand Morse®, inseridos em osso 
artificial de baixa densidade (n=10): o implante Helix® apresenta corpo duplamente 
cônico com roscas duplas de formato trapezoidal e, ápice com roscas piramidais 
cortantes e câmaras helicoidais; o implante Drive® de corpo cônico, roscas duplas 
de formato quadrado e câmaras cortantes distribuídas ao longo do corpo e o 
implante Titamax® com corpo cilíndrico, roscas duplas de formato triangular e ápice 
cortante ativo com câmaras autocortantes. Todos os implantes apresentavam 
diâmetro (3,5 mm), comprimento (13 mm) e tratamento de superfície (Neoporos®) 
similares. Os implantes foram inseridos em um bloco de poliuretano (Nacional 
Ossos®) de densidade 15 PCF ou 0,24 g/cm3, compatível com osso tipo 3, de 
dimensões de 9,7 cm de largura, 10 cm de comprimento e 5 cm de altura, com as 
mesmas propriedades mecânicas em toda sua extensão. As perfurações e inserção 
foram realizadas com motor cirúrgico IChiropro®, acoplado a um Ipad Air (Apple®) 
com o software do próprio motor (iChiropro IOS App – Bien Air), e contra-ângulo 
redutor de velocidade 20:1 (Nsk® modelo SG20), seguindo as orientações do 
fabricante. A mensuração do torque de inserção foi realizada com o motor cirúrgico 
IChiropro® e catraca-torquímetro Neodent®. Os dados foram submetidos à análise 
estatística de Kruskal-Wallis e post-hoc de Dunn (p<0,05). Os valores de torque 
obtidos pelos implantes Drive® e Helix® foram estatisticamente superiores ao 
implante Titamax®, tanto no motor cirúrgico quanto na catraca-torquímetro. Não 
houve diferença estatística significante entre os implantes Helix® e Drive®. O 
desenho dos implantes é um fator que influencia na estabilidade primária em baixa 
densidade óssea; os implantes cônicos Drive® e Helix® apresentam maior 
estabilidade primária quando comparados ao implante cilíndrico Titamax®; e 
diferenças na geometria da rosca e câmaras de corte, entre os implantes Drive® e 
Helix®, não alteram a estabilidade primária. 
 
 
 
Palavras-chave: Implantes Dentários. Osseointegração. Torque. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ABSTRACT 
Dental implants are one of the most successful therapeutic modalities in 
dentistry. Its stability at the time of installation is of great influence in the success of 
osseointegration and loading protocol. Primary stability is determined by bone 
density, surgical technique, and implant design. The objective of this study was to 
evaluate and compare the primary stability, through the insertion torque, of three 
implant types with different designs of the brand Neodent® Grand Morse® system, 
inserted in low density artificial bone (n=10): Helix® implant features a double-
tapered body with double trapezoidal-shaped threads, and apex with sharp pyramidal 
threads and helical chambers; Drive® Implant features tapered body, double square-
shaped threads and cutting chambers distributed along the body and the Titamax® 
implant features a cylindrical body, triangular-shaped double threads and active 
cutting apex with self-tapping chambers. All implants had diameter (3.5 mm), length 
(13 mm) and similar surface treatment (Neoporos®). The implants were inserted into 
a polyurethane block (Nacional Ossos®) of density 15 PCF or 0.24 g / cm3, 
compatible with type 3 bone, 9.7 cm width, 10 cm length and 5 cm height, with the 
same mechanical properties throughout its extension. The drilling and insertion were 
performed with IChiropro® surgical motor, coupled to an Ipad Air (Apple®) with the 
engine's own software (iChiropro IOS App - Bien Air), and a reduction counter-angle 
20: 1 (Nsk® model SG20), following the manufacturer's guidelines. Measurement of 
insertion torque was performed with the IChiropro® surgical motor and Neodent® 
manual torquemeter. The data were submitted to statistical analysis of Kruskal-Wallis 
and Dunn post-hoc test (p<0,05). The values obtained by the Drive® and Helix® 
implants were statistically superior to the Titamax® implant, both in the surgical 
motor and in the manual torquemeter. There was no statistical difference between 
Helix® and Drive® implants. The design of the dental implants is a factor that 
influences the primary stability at lower bone density; tapered implants Drive® and 
Helix® exhibit higher primary stability when compared to the cylindrical implant 
Titamax®; and differences in the thread geometry and cutting chambers between the 
implants Drive ® and Helix ®, do not alter the primary stability. 
Key words: Dental Implants. Osseointegration. Torque. 
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1 INTRODUÇÃO 
Os implantes dentários (ID) constituem uma das modalidades terapêuticas 
de maior sucesso na odontologia, devido ao seu alto grau de previsibilidade clínica, 
associado à evidenciação científica consistente para tratamento dos diferentes tipos 
de edentulismo (Bezerra et al., 2010). A reabilitação bucal implantossuportada evita 
o desgaste necessário para confecção das próteses dentossuportadas, proporciona 
melhor estabilidade, estética e função mastigatória, melhorando a qualidade de vida 
das pessoas. 
Os implantes de titânio surgiram em 1952 quando o professor Per-Ingvar 
Bränemark e colaboradores descobriram uma união entre osso e titânio, enquanto 
realizavam estudos experimentais em tíbias de coelho. Na década de 60, Bränemark 
introduziu o conceito da osseointegração (OI), definida como o contato microscópico 
direto da interface osso/implante sem interposição de tecido fibroso (Bränemark, 
1983). O processo de OI é considerado o principal critério para o sucesso de uma 
reabilitação com implantes dentários (Ogle, 2015). 
Albrektsson et al., em 1981, identificaram seis fatores que influenciam na 
OI: (1) estado do osso, (2) condições de carregamento; (3) técnica cirúrgica; (4) 
desenho do implante; (5) superfície do implante; e (6) material do implante. Nesta 
época já se sabia da relevância do desenho do implante para o êxito desta 
modalidade de tratamento. Outra condição importante para a osseointegração 
previsível dos ID é a estabilidade primária (EP) (Chong et al., 2009; Degidi et al., 
2012; Yamaguchi et al., 2015; Toyoshima et al., 2015; Bilhan et al., 2015; Wang et 
al., 2015; da Costa Valente et al., 2016). 
Os termos estabilidade primária e secundária são comumente designados 
para definir a fixação do implante no osso. A EP está associada ao travamento 
mecânico do implante no momento da instalação (Moon et al., 2010), enquanto a 
regeneração óssea e os fenômenos de remodelação determinam a estabilidade 
secundária (Javed et al., 2013). Com adequada EP, o implante pode interagir com 
fatores de crescimento e proteínas, o que induz a migração celular osteogênica para 
a sua superfície e aposição óssea (Jimbo et al., 2014b). Inversamente, 
micromovimentos entre 50 e 150 µm podem influenciar negativamente a 
remodelação e neoformação óssea, resultando na sua reabsorção e formação de 
tecido fibroso na interface osso-implante (Javed e Romanos, 2010). 
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Consequentemente, uma EP adequada está positivamente associada à estabilidade 
secundária (Javed et al., 2013). 
Existem diversos métodos, invasivos e não invasivos, para avaliar a 
estabilidade dos implantes, porém não há um consenso na literatura ou padrão ouro 
a ser seguido (Kim et al., 2011; Ahn et al., 2012; Oliscovicz et al., 2013). Periotest, 
torque de inserção e remoção, análise de frequência de ressonância e teste de 
arrancamento, são alguns dos métodos utilizados (O’ Sullivan et al., 2000; 
Akkocaoglu et al., 2005; Chong et al., 2009; Bilhan et al., 2010; Elias et al., 2012; Wu 
et al., 2012; Jimbo et al., 2014a). 
A estabilidade primária é um fator relevante quando se considera o tempo 
para a reabilitação protética sobre os ID. De acordo com o protocolo proposto 
inicialmente por Bränemark, os implantes endósseos deveriam ser submetidos à 
carga após um período de cicatrização óssea, o que levaria aproximadamente 3 
meses na mandíbula e 6 meses na maxila. Atualmente, a modificação deste 
protocolo utilizando carga imediata ou precoce em ID com apropriada EP, é uma 
opção de tratamento valiosa e reconhecida (Javed et al., 2013). Essa possibilidade 
encurta o tempo de tratamento, proporciona benefícios funcionais imediatos, reduz o 
número de visitas ao consultório, requer menos restauração provisória e reduz os 
custos (Bahat e Sullivan, 2009). Traz também benefícios estéticos e psicológicos 
para o paciente (Javed e Romanos, 2010). Para os implantes que não possuem EP 
suficiente deve-se aguardar a osseointegração antes da instalação da prótese 
(Bahat e Sullivan, 2009). 
O desenho do implante, em conjunto com a técnica cirúrgica e a 
qualidade do tecido ósseo, são os principais determinantes da EP (Moon et al., 
2010; Elias et al., 2012; Ahn et al., 2012; Javed et al., 2013; Toyoshima et al., 2015). 
Em regiões de boa qualidade óssea o desenho do implante tem pouca influência 
sobre a estabilidade primária, OI e sucesso a longo prazo (Ogle, 2015). No entanto, 
em situações nas quais a densidade do osso é baixa, otimizar o desenho do 
implante torna-se fundamental (Toyoshima et al., 2015).  
A adequada transferência de carga na interface osso-implante, importante 
para a longevidade do ID, também é influenciada pelo seu desenho (Abuhussein et 
al., 2010; Ogle, 2015). Este, quando favorável, pode compensar o risco de cargas 
oclusais excessivas, baixa densidade óssea, posição, tamanho ou número de 
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implantes não ideais, estando relacionado à sobrevida e perda óssea marginal dos 
implantes (Misch, 2008).  
O projeto do implante pode ser incluído em duas categorias principais: 
macrogeometria e microgeometria. A macrogeometria inclui o comprimento e 
diâmetro do implante, tipo de conexão protética, formato do corpo, geometria da 
rosca e câmara de corte. A microgeometria constitui o material do implante e, 
morfologia e revestimento da superfície (Abuhussein et al., 2010). 
Quanto ao formato do corpo, os ID mais utilizados são do tipo cônico ou 
cilíndrico (Valente et al., 2015). Os implantes cilíndricos apresentam como vantagens 
maior facilidade de inserção em osso denso e flexibilidade na profundidade do 
assentamento, entretanto sua limitação dá-se na dificuldade em alcançar a 
estabilidade primária em tipos ósseos de menor densidade. Tal desvantagem é 
superada pelos implantes cônicos, que apresentam melhor travamento inicial em 
osso de qualidade inferior, com menor risco de perfuração da tábua óssea vestibular 
e instalação favorecida entre dentes naturais adjacentes, devido ao seu menor 
diâmetro apical. Porém, é mais sensível ao procedimento de fresagem, onde o 
excesso ou falta de perfuração pode afetar a EP (Bahat e Sullivan, 2009). 
As roscas são desenhadas para maximizar o contato inicial com o osso, 
aumentar a área de superfície e facilitar a dissipação de forças na interface osso-
implante. Elas apresentam variações no formato, profundidade, largura, passo de 
rosca e angulação (Misch, 2008). A rosca pode ser plana (ou quadrada), triangular 
(piramidal ou em “V”), trapezoidal ou trapezoidal reversa. As roscas planas fornecem 
maior área de contato osso-implante e superfície otimizada para a transmissão de 
carga compressiva, sendo esta melhor suportada pelo osso. As roscas triangulares 
apresentam menor área de contato osso-implante e transferência de maior carga de 
cisalhamento na interface óssea, para a qual o osso é menos resistente (Misch, 
2008). O passo de rosca é a distância medida entre roscas adjacentes. Quanto 
menor o passo, mais roscas no corpo do implante, e maior a área de superfície de 
contato com o osso. A profundidade da rosca se refere à distância entre o diâmetro 
externo e interno da rosca. Uma profundidade maior também resulta em aumento da 
área de superfície de contato, favorecendo a biomecânica da interface osso-implante 
(Misch, 2008).  
Atualmente no mercado existe uma grande quantidade de ID, com 
características macro e microgeométricas distintas, indicados para as mais diversas 
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situações clínicas. Os pesquisadores, juntamente com as indústrias, buscam novos 
projetos de implante para aumentar a EP e obter maior previsibilidade clínica em 
casos complexos, como a reabilitação em áreas de qualidade óssea comprometida  
(Yamaguchi et al., 2015; da Costa Valente et al., 2016). 
Dessa forma, mensurar a estabilidade primária de implantes com 
macrogeometrias diferentes em um modelo de osso sintético de baixa densidade é 
significativo para a estimativa do sucesso e aplicabilidade clínica desses implantes. 
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ABSTRACT 
Purpose: The objective of this study was to evaluate and compare the 
primary stability, through the insertion torque, of three implant types with different 
macrogeometries using a low density synthetic bone model. 
Material and Methods: 30 implants of the trademark Neodent® (Curitiba, 
Paraná, Brazil) Grand Morse® system were used, being of three different 
macrogeometries (Helix®, Drive® and Titamax®). All implants had diameter (3.5 
mm), length (13 mm) and similar surface treatment (Neoporos®). The implants were 
inserted into a polyurethane block (Nacional Ossos®, Jaú, São Paulo, Brazil) of 
density 15 PCF or 0.24 g / cm3, compatible with bone type 3. The perforations and 
insertion were performed with IChiropro® surgical motor, coupled to an Ipad Air 
(Apple®) with its own engine software (iChiropro IOS App - Bien Air), and a reduction 
counter-angle 20: 1 (Nsk® model SG20), following the manufacturer's guidelines. 
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Measurement of insertion torque was performed with the IChiropro® surgical motor 
and Neodent® manual torquemeter. 
Results: The values obtained by the Drive® and Helix® implants were 
statistically superior to the Titamax® implant, both in the surgical motor and in the 
manual torquemeter. There was no statistical difference between Helix® and Drive® 
implants. 
Conclusions: The different design of the dental implants is a factor that 
interferes with primary stability at lower bone density. Tapered implants Drive® and 
Helix® exhibit higher primary stability when compared to the cylindrical implant 
Titamax®. Differences in thread geometry and cutting chambers, between the Drive® 
and Helix® implants, do not influence the primary stability. 
Key Words: Dental Implants. Osseointegration. Torque. 
 
 
 
INTRODUCTION 
Dental implants (DI) are one of the most successful therapeutic modalities 
in dentistry, due to its high degree of clinical predictability, associated with consistent 
scientific evidence for the treatment of different types of edentulism (Bezerra et al., 
2010). The implant-supported oral rehabilitation avoids tooth wear performed at 
dental-supported prosthesis, provides better stability, aesthetics and masticatory 
function, improving the quality of life of people. 
In the 1960s, Bränemark introduced the concept of osseointegration (OI), 
defined as the direct microscopic contact of the bone / implant interface without 
interposition of fibrous tissue (Bränemark, 1983). The process of OI is considered the 
main criterion for the success of an implant rehabilitation. 
Albrektsson et al., in 1981, identified six factors that influenced OI: (1) 
bone state, (2) loading conditions; (3) surgical technique; (4) implant design; (5) 
implant surface; and (6) implant material. Another condition considered important for 
the predictable osseointegration of DI is primary stability (PS) (Chong et al., 2009; 
Degidi et al., 2012; Yamaguchi et al., 2015; Toyoshima et al., 2015; Bilhan et al., 
2015; Wang et al., 2015; da Costa Valente et al., 2016).  
The primary stability is associated with the mechanical locking of the 
implant with the surrounding bone at the time of its installation (Moon et al., 2010). 
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With adequate PS, the implant can interact with growth factors and proteins, which 
induce osteogenic cell migration to its surface and bone apposition (Jimbo et al., 
2014b).  
There are several invasive and non-invasive methods to evaluate the 
stability of implants, but not a gold standard. Periotest,  removal and insertion torque 
(IT), resonance frequency analysis (RFA) and pullout test are some of the methods 
used (O’ Sullivan et al., 2000; Akkocaoglu et al., 2005; Chong et al., 2009; Bilhan et 
al., 2010; Elias et al., 2012; Wu et al., 2012; Jimbo et al., 2014a; Jimbo et al., 2014b). 
Primary stability is a relevant factor when considering the time for 
prosthetic rehabilitation on the implants. Immediate or early loading into implants with 
appropriate PS is a valuable and recognized treatment option (Javed et al., 2013). 
This possibility shortens treatment time, provides immediate functional benefits, 
reduces the number of office visits, requires less temporary restoration, and reduces 
costs (Bahat and Sullivan, 2009). It also brings aesthetic and psychological benefits 
to the patient (Javed and Romanos, 2010). 
The design of the implant, together with the surgical technique and the 
quality of the bone tissue, are the main determinants of PS of an implant (Moon et al., 
2010; Elias et al., 2012; Ahn et al., 2012; Javed et al., 2013; Toyoshima et al., 2015). 
In areas of good bone quality the implant design has little influence on primary 
stability, osseointegration, and long-term success (Ogle, 2015). However, in 
situations where bone density is low, optimizing implant design becomes 
fundamental (Toyoshima et al., 2015). 
The implant design can be included in two main categories: 
macrogeometry and microgeometry. Macrogeometry includes implant length and 
diameter, prosthetic connection type, body shape, thread geometry and cutting 
chambers. Microgeometry constitutes the implant material and, morphology and 
surface coating (Abuhussein et al., 2010). 
Currently there are a large number of manufacturers of DI, with distinct 
macro and microgeometric characteristics, indicated for the most diverse clinical 
situations. Researchers, along with the industry, seek new implant designs to 
increase PS and achieve greater clinical predictability in complex cases, such as 
rehabilitation in areas of compromised bone quality (Yamaguchi et al., 2015; da 
Costa Valente et al., 2016). 
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The objective of this work is to evaluate and compare the PS, through the 
insertion torque, of 3 implant types with different macrogeometries, using a low 
density synthetic bone model. 
 
MATERIAL AND METHODS 
Implants: 
To perform this study, 30 dental implants (Neodent®, Curitiba, Paraná, 
Brazil) of 3.5 mm diameter and 13 mm in length were used, presenting three different 
designs, Helix®, Drive® and Titamax® of Grand Morse® system (figure 1), 10 
implants of each type (according to sample calculation). All presented Neoporos® 
surface, resulting from blasting with abrasive particles followed by acid subtraction. 
Helix® has a double conical body and double trapezoidal-shaped threads, 
and apex with sharp pyramidal threads and helical chambers. Drive® is a conical 
implant, with double threads of square-shaped and cutting chambers distributed 
along the body. Titamax® is a cylindrical implant, double threads of triangular shape 
and active cutting apex with self-tapping chambers. 
 Figure 1- Dental implants Helix® (A), Drive® (B) and Titamax® (C) 
 
 
 
                                                                                     
Substrate: 
The implants were inserted into a rectangular polyurethane block with a 
density of 15 per cubic foot (PCF) or 0.24 g / cm3 (Nacional Ossos®, Jaú, São Paulo, 
Brazil), compatible with type 3 bone density according to the classification proposed 
by Lekholm and Zarb (1985). The dimensions were 9.7 cm width, 10 cm length and 5 
cm height (figure 2). 
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 Figure 2- Rectangular polyurethane block used for implant insertion. 
 
 
 
Drilling and insertion  
All implants were inserted by a single operator. The drillings were 
performed following the sequence of drills recommended by the manufacturer for 
each type of implant. For the Titamax® implant the drills used were lance, helical 2.0, 
helical 2.8 and pilot drill 2.8/3.5. For the Drive® and Helix® implants the drills used 
were lance, helical 2.0 and conical 3.5. 
The drillings and insertion were done using the IChiropro® surgical motor 
(Bien Air Dental), coupled to an Ipad Air (Apple®) with the engine's own software 
(iChiropro IOS App - Bien Air) and a reduction counter-angle 20: 1 (Nsk® model 
SG20) (figure 3). 800 rpm for drilling and 30 rpm for insertion were used, according to 
the manufacturer's recommendations. The implants were inserted so that the 
prosthetic connection (platform) was 1 mm below the level of the substrate, following 
the guidelines of the manufacturer. 
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Figure 3- IChiropro® surgical motor coupled to an Ipad Air and a reduction 
counter-angle, for drilling and insertion of implants. 
 
 
 
Measurement of primary stability 
The insertion torque values were verified by the following devices: surgical 
motor (iChiropro ®- Bien Air Dental) and manual torquemeter (Neodent ®). After 
implant installation, the value obtained by the surgical motor was measured. 
Subsequently, the manual torquemeter was fitted to the implant to record the torque 
value obtained (figure 4). The IT was measured in newtons/centimeter (N/cm).  
Figure 4- Manual torquemeter fitted to the implant to record the insertion torque. 
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Statistical analysis 
Descriptive and comparative statistics were performed using the SPSS 
18.0 computer program for Windows. The samples showed homogeneity of the 
variances tested by the Levene test, however the normality test (Shapiro-Wilk) 
showed abnormal distribution. Thus, a comparison was made between the groups 
(Titamax, Drive and Helix) using the Kruskal-Wallis test within each category 
(surgical motor and manual torquemeter). 
 
RESULTS 
The chart 1 shows the IT values obtained by each implant through the 
surgical motor and manual torquemeter. The highest IT value measured by the 
surgical motor was obtained by the Helix® implant (36.2 N/cm), while the lowest 
value was measured in the Titamax® implant (14.7 N/cm). In the manual 
torquemeter, the highest IT values were obtained by the Helix® and Drive® implants 
(32 N/cm), and the lowest was measured in the Titamax® implant (14 N/cm). 
 
 
Chart 1- Values of insertion torque obtained in the different types of implant. 
                                 insertion torque (N/cm) 
Implant Titamax 
Surgical motor        manual torquemeter 
Drive 
Surgical motor        manual torquemeter 
Helix 
Surgical motor        manual torquemeter 
1 19,6                       19 33,3                             30 32,3                             30 
2 19,6                       17 33,3                             30 33,3                             32 
3 22,5                       20 34,3                             32 33,3                             32 
4 14,7                       14 33,3                             30 33,3                             32 
5 17,6                       15 34,3                             30 33,3                             31 
6 20,6                       17 35,3                             32 33,3                             30 
7 22,5                       20 35,3                             31 34,3                             32 
8 19,6                       16 34,3                             30 33,3                             31 
9 20,6                       17 34,3                             32 36,2                             32 
10 20,6                       17 34,3                             31 34,3                             32 
 
Chart 2 presents the descriptive results of the IT according to the type of 
implant and the method of measurement (surgical motor or manual torquemeter). 
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Chart 2 - Results of the insertion torque according to the group of implants tested 
and with the method of measurement. 
Group N Minimum Maximum Average Standard 
Deviation 
Titamax    surgical motor 
   
                       torquemeter 
 
                  Valid N (listwise) 
10 
 
10 
 
10 
 
14,7 
 
14,00 
22,50 
 
20,00 
19,79 
 
17,20 
2,29 
 
1,98 
Drive       surgical motor 
   
                       torquemeter 
 
                  Valid N (listwise) 
10 
 
10 
 
10 
 
33,30 
 
30,00 
35,30 
 
32,00 
34,20 
 
30,80 
0,73 
 
0,91 
Helix         surgical motor 
   
                       torquemeter 
 
                  Valid N (listwise) 
10 
 
10 
 
10 
 
32,30 
 
30,00 
36,20 
 
32,00 
33,69 
 
31,40 
1,04 
 
0,84 
 
For the insertion torque measured by the surgical motor, a statistically 
significant difference was observed between the groups (Kruskal-Wallis H = 21.26; p 
<0.01). The values obtained by the Drive® and Helix® implants were superior to the 
Titamax® implants (p <0.05), identified by Dunn's post-hoc test. There was no 
statistical difference between the Helix® and Drive® implants. 
Manual torquemeter measurements also showed a statistically significant 
difference between the groups (Kruskal-Wallis H = 21.11, p <0.01). The insertion 
torque obtained by the Drive® and Helix® implants were higher than the Titamax® 
implants (p <0.05). There was no statistical difference between the Helix® and 
Drive® implants. 
 
DISCUSSION 
Primary stability of dental implant is an important factor for predictable 
osseointegration and loading protocol (immediate, early or late). Its main 
determinants are the surgical technique, the design of the implant and the quality of 
the bone tissue (Moon et al., 2010; Elias et al., 2012; Ahn et al., 2012; Javed et al., 
2013; Toyoshima et al., 2015). DI in the mandible have higher survival rates 
compared to those in the maxilla, especially for the posterior maxilla, and bone 
quality is considered the cause of this difference. Although the bone density can not 
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be modified by the physician, the implant design and the surgical technique are 
factors that can be controlled (Moon et al., 2010). 
Proper selection of the DI design is most important in regions of low bone 
density (Toyoshima et al., 2015). This has motivated researchers and industries to 
develop new implant designs, aiming to increase PS and obtain greater clinical 
predictability in areas of lower bone quality (Yamaguchi et al., 2015; da Costa 
Valente et al., 2016). In this sense, the research sought to evaluate and compare the 
PS of three implants with different macrogeometries, inserted in a synthetic low 
density bone model. For this purpose, all variables were standardized, with all 
implants having equivalent diameter, length, prosthetic connection and surface 
coating, installed in the block of synthetic bone with the same mechanical properties 
throughout its length, following the drilling and insertion protocol recommended by 
the manufacturer. 
Due to the difficulty in obtaining human bone models with a homogeneous 
sample, and based on the published validation of the American Society of Testing 
and Materials, polyurethane blocks are used to simulate mechanical properties of 
human bone (ASTM, 2014), being considered the standard material for mechanical 
tests with orthopedic implants (Oliscovicz et al., 2013). The polyurethane block was 
used in several mechanical studies with DI (Chong et al., 2009; Kim et al., 2011; Ahn 
et al., 2012; Divac et al., 2013; Oliscovicz et al., 2013; Yamaguchi et al., 2015; Wang 
et al., 2015; da Costa Valente et al., 2016), and was the material chosen in the 
research. 
The polyurethane block had a density of 15 PCF or 0.24 g / cm 3, 
simulating a type 3 bone density, according to the classification proposed by Lekholm 
and Zarb (1985), which is compatible with a thin layer of cortical bone around a 
dense trabecular bone, commonly found in the maxilla (Misch, 2008). Staedt et al. 
(2017), evaluating PS through IT, inserted dental implants in cortico-spongy bone 
("ex vivo" pork mandible) of low density, as the influence of implant design decreases 
in higher bone densities and has no impact in cases of excellent bone quality. 
There are several methods for measuring PS of the implants: Periotest, 
insertion and removal torque, RFA, pullout test. However, there is no gold standard 
for its evaluation (Kim et al., 2011; Ahn et al., 2012; Oliscovicz et al., 2013). The 
difficulty in using Periotest due to reproducibility and problems related to precision 
errors (Mathieu et al., 2014), and the fact that the values obtained by this method 
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provide insensitive information on the stability of the implant, make it of little use for 
PS evaluation (Akkocaoglu et al., 2005). Resonance frequency analysis, through 
Osstell®, is a useful tool for analyzing primary stability as well as the degree of 
secondary stability for DI loading. However, the interpretation of implant stability 
quotient values is not yet recognized by the scientific literature, and there is no 
consensus of a presumptive value for a good PS, sufficient for immediate loading 
(Javed and Romanos, 2010; Oliscovicz et al., 2013). BILHAN et al., in 2010, 
emphasized that data from the RFA could be misleading in terms of prediction of PS. 
IT was the method used to evaluate PS in this study. It provides accurate 
data to estimate the stability of an implant during its installation, and provides a more 
objective assessment of bone density compared to other methods such as RFA and 
Periotest (Tabassum et al., 2009). Lee et al. (2015) reported that IT is often used to 
measure the PS of the DI in mechanical tests, being a more effective indicator than 
the RFA and the Periotest. In addition, professionals use their own ratchet or surgical 
motor, for insertion and immediate measurement of torque, making this method more 
practical. 
Of the DI used in the research, Drive® and Helix® are tapered implants, 
while Titamax® is cylindrical in shape. Both tapered implants had higher IT, which 
was statistically significant. In tapered implants each subsequent thread laterally 
pushes the bone with a slightly wider diameter than the previous thread compacting 
the surrounding walls. The strength of the bone increases along the implant body as 
the threads are introduced (Bahat and Sullivan, 2009). This finding is in agreement 
with most of the studies comparing the PS of tapered and cylindrical implants. 
O’Sullivan et al. (2004) installed 36 implants in rabbit bone, divided into 3 groups, 2 
of which were composed of tapered implants and 1 control group with cylindrical 
implants. Evaluating the stability of these implants, they found higher insertion torque 
for the tapered implants. Jimbo et al. (2014a) installed 24 conical implants and 24 
cylindrical implants in sheep's jaws, all with the same dimensions. As a result they 
obtained higher IT values for the conical implants and greater bone apposition 
around this type of implant after 6 weeks, when they submitted the animals to 
euthanasia for histological evaluation. Wang et al., in 2015, evaluating PS for 
different types of implants installed in polyurethane block, also found greater IT for 
tapered implants. Wu et al. (2012), Yamaguchi et al. (2015) and Toyoshima et al. 
(2015), similarly reported the superiority of conical implants when measured at PS. 
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Valente et al. (2015) found higher IT values for conical implants when 
inserted in blocks of higher density polyurethane (20 and 40 PCF), however similar 
values between conical and cylindrical implants were obtained in synthetic bone of 
lower density (15 PCF). Contrary results comparing tapered and cylindrical implants 
have also been reported by Akkocaoglu et al. (2005) and Bilhan et al. (2010), who 
did not find statistical differences in the values of PS obtained between the two 
implant formats. Even so, it seems that tapered implants are well indicated when 
adequate PS is desired in regions of lower bone density (Bezerra et al., 2010). 
Drive® and Helix® implants feature similar tapered body shapes, but 
different thread geometries and cutting chambers. While the Drive® features square-
shaped threads and cutting chambers distributed along the body, Helix® exhibits 
trapezoidal threads in the body, and apex with pyramidal threads and helical 
chambers. Despite this, there was no statistical difference between the IT values 
obtained for them. It appears that the shape of the implant body was more influential 
in PS than the thread geometry and the cutting chambers. Jimbo et al. (2014b) 
installed 48 implants with 2 different types of cutting chambers in sheep jaw and 
found different insertion torque values. Wu et al., in 2012, also found a difference in 
insertion torque between implants with different formats of cutting chamber, inserted 
in blocks of polyurethane of 15 PCF. As justification they reported that the space 
created by the chamber design to store the bone shavings were different. This may 
explain the indifference between Drive® and Helix®, with similar spaces created by 
different cutting chamber designs.  
The mean IT values for Helix ® and Drive ® implants were 33.69 N/cm 
(surgical motor) and 31,40 N/cm (manual torquemeter), and 34,20 N/cm (surgical 
motor) and 30,80 N/cm (manual torquemeter), respectively. Lower averages were 
obtained by the Titamax® implant, being 19.79 N/cm for the motor and 17,20 N/cm in 
the manual torquemeter. 
Although primary stability is an important factor for osseointegration of DI, 
there is no consensus on recommended or minimum values. It should be sufficient to 
avoid implant mobility, but not to induce bone injury, such as excessive compression 
stress or microfractures (Elias et al., 2012). Excessive insertion torques can produce 
microfractures and ischemia of the surrounding bone, delay bone healing and induce 
the failure of the DI (Staedt et al., 2017). In spite of the higher IT obtained by the 
Helix® and Drive® implants compared to Titamax®, it is not possible to affirm that 
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they will present greater success in osseointegration, since this process involves 
factors other than PS, such as atraumatic surgical technique and good healing of the 
patient. However, it is known that DI immobility is one of the requirements for OI. 
When considering the possibility of immediate loading, minimum IT values 
of 32 N/cm (Javed and Romanos, 2010; Staedt et al., 2017), and 40 N/cm are 
suggested (Elias et al., 2012). Helix® and Drive® implants achieved torque values 
close to those recommended, making them good options mainly in the rehabilitation 
of regions with low bone density. 
Although in vitro studies are limited in simulating in vivo conditions and 
differ from clinical studies, they allow standardization of the tests, providing important 
information (Bilhan et al., 2015). Its results are relevant to support and stimulate the 
development of in vivo research and clinical use. 
 
CONCLUSIONS 
From the analysis and interpretation of the obtained results, it was 
possible to conclude that: 
• The different design of the dental implants is a factor that interferes with 
primary stability at lower bone density;  
• Tapered implants Drive® and Helix® exhibit higher primary stability 
when compared to the cylindrical implant Titamax®; 
• Differences in thread geometry and cutting chambers, between the 
Drive® and Helix® implants, do not influence the primary stability. 
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3 CONCLUSÃO 
A partir da análise e interpretação dos resultados obtidos, foi possível 
concluir que: 
• O diferente desenho dos implantes é um fator que influencia na 
estabilidade primária em baixa densidade óssea; 
• Os implantes cônicos Drive® e Helix® apresentam maior estabilidade 
primária quando comparados ao implante cilíndrico Titamax®;  
• Diferenças na geometria da rosca e câmaras de corte, entre os 
implantes Drive® e Helix®, não alteram a estabilidade primária. 
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